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NONVOLATILE SEMCONDUCTOR 
MEMORY DEVICE HAVING MEANS FOR 
SELECTIVE TRANSFER OF MEMORY 

BLOCK CONTENTS AND FOR CHAINING 
TOGETHER UNUSED MEMORY BLOCKS 

This application is a Continuation of application Ser. No. 
08/710,893, filed on Sep. 23, 1996, now abandoned which is 
a continuation of Ser. No. 08/038,837, filed Mar. 29, 1993 
now U.S. Pat. No. 5,611,067. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a nonvolatile Semicon 
ductor memory device using a NAND-type EEPROM in an 
electrically erasable programmable nonvolatile Semiconduc 
tor memory (EEPROM). 

2. Description of the Related Art 
In a computer System, a programmable memory device 

(or memory) generally has a physically limited capacity and 
is used Such that new data is overwritten on unnecessary 
data. Programmable memory devices (memories) can be 
classified into two types of programmable memory devices 
according to overwrite methods. In one type of memory 
device, as in a random access memory (RAM), a hard disk, 
a floppy disk, or a magnetic tape, new data can be directly 
overwritten on old data. In the other type of memory device, 
as in a certain type of optical memory device or an 
EEPROM, after old data on which new data is to be 
overwritten is erased, the new data can be written. 
A NAND-type EEPROM has two types of erasing meth 

ods. According to the first method, as in, e.g., a flash 
EEPROM available from INTEL CORP, data on an entire 
chip is erased at once. According to the Second method, only 
data on part of a chip is Selectively erased. 

In the NAND-type EEPROM, a plurality of structurally 
continued memory cells for continuously reading data or 
Writing data is called a page as a unit. For example, in a 
4-Mbit EEPROM, one page is constituted by memory cells 
having 4096 bits. The plurality of structurally continued 
pages are called a block as a unit. For example, in a 4-Mbit 
EEPROM, one block is constituted by memory cells of 8 
pages (4 kbytes). In a NAND-type EEPROM, a unit used 
when only data on part of one chip is Selectively erased 
coincides with the block. 

Since the NAND-type EEPROM can partially erase data 
as described above, the NAND-type EEPROM is a nonvola 
tile Semiconductor memory capable of relatively easily 
performing an operation in which data of one Sector can be 
rewritten. Therefore, the characteristic features of a Semi 
conductor memory Such as reliability related to a mechanical 
Strength, low power consumption, and a short read acceSS 
time are effectively utilized, and the NAND-type EEPROM 
has been used in applications where a conventional magnetic 
disk device is taken over. 

However, although an access time for reading out data is 
short in the EEPROM, an access time for writing data is 
long. For example, in a 4-Mbit NAND-type EEPROM, 
although a time required for reading out data of one block is 
about 490 uSec, and times required for erasing data of one 
block and writing new data of one block are about 10 mSec 
for erasure and about 4 mSec for write access. 

In addition, according to the current technique, a maxi 
mum rewrite count is limited. When a rewriting operation is 
performed 10" or 10 times, the EEPROM reaches the end 
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2 
of its Service life. Therefore, when an overwriting operation 
of data is concentrated on the same block, the Service life of 
an entire chip is shortened. 
AS in file management performed by an OS, a file may be 

generally recorded in any empty area of a data area, and the 
empty area is managed by a directory and a management 
table such as a File Allocation Table (FAT). This file 
management is applied to an EEPROM having a limited 
maximum rewrite count, and positions in which files are to 
be written can be easily distributed to prevent a rewriting 
operation from being concentrated on the same position. 
However, when a file is written or rewritten, the content of 
a file management table must be rewritten, and the frequency 
of rewriting of these table data is considerably higher than 
that of writing of data files. Furthermore, the content of the 
management table must always be recorded on a fixed 
position. Therefore, when an EEPROM is applied to a file 
memory device, a rewriting operation is concentrated on the 
area of the management table area, and the Service life of the 
EEPROM may be shortened. 
The related arts of the present invention are disclosed in 

Published Unexamined Japanese Patent Application No. 
2-292798 and Published Unexamined Japanese Patent 
Application No. 3-167644. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
nonvolatile Semiconductor memory device capable of per 
forming write acceSS at high Speed and prolonging the 
Service life of the nonvolatile Semiconductor memory 
device. 

The first nonvolatile semiconductor memory device of the 
present invention is a nonvolatile Semiconductor memory 
device using a NAND-type EEPROM and is characterized 
by comprising memory means having a memory cell array 
divided into a plurality of blocks, one block of the plurality 
of blocks being constituted as a minimum erasure unit of 
data; managing means for managing unused blocks of the 
plurality of blocks; erasing means for discriminating a 
data-erased block of the unused blocks from a data-non 
erased block of the unused blocks to erase data of the 
data-non-erased block, and control means for writing data in 
at least one block of the unused blockS managed by the 
managing means, when a content of the written data is 
obtained by changing data recorded in another block of the 
memory means, and the data recorded in the another block 
is not necessary, informing the managing means that the 
another block is an unused block, and for, when the data 
recorded in the another block is necessary, copying a nec 
essary part of the data recorded in the another block to a 
block in which new data is to be written. 

According to the first nonvolatile Semiconductor memory 
device, write access of new data is performed in an unused 
block area having data which is erased in advance as much 
as possible. In this manner, an erasure operation which must 
be performed prior to write access and which inevitably 
increases an access time can be omitted, high-Speed write 
acceSS can be performed. When the same data is to be 
updated/changed, a physical writing position is changed 
every time write acceSS is performed, and an increase in 
write count to a specific block is prevented. Therefore, a 
long Service life can be assured. 
The Second nonvolatile Semiconductor memory device of 

the present invention is a nonvolatile Semiconductor 
memory device using a NAND-type EEPROM and is char 
acterized by comprising memory means having a plurality of 
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divided Storage areas having predetermined capacities Serv 
ing as units of management, first managing means for 
performing management Such that the plurality of Storage 
areas are circularly used in one direction in accordance with 
a physical or logical arrangement in write access of data in 
the plurality of Storage areas, Second managing means for 
managing whether data recorded in the plurality of Storage 
areas are changed after a predetermined timing, and control 
means for Selecting a Storage area having data which is not 
changed after a timing when the Second managing means is 
initialized, at a timing when a condition predetermined by 
write access of data is Satisfied, moving the data in the 
Selected Storage area to another Storage area and initializing 
the Second managing means when data in all the Storage 
areas are assumed to be changed. In addition, the Second 
nonvolatile Semiconductor memory device characterized in 
that the timing when the predetermined condition is Satisfied 
is a timing when one circulation cycle managed by the first 
managing means is ended. 
According to the Second nonvolatile Semiconductor 

memory device, Since write access of data is circulated with 
respect to the plurality of Storage areas in one direction, the 
write acceSS is not concentrated on a Specific Storage area 
and is uniformly performed in all the plurality of Storage 
areas. After the write access is performed, data kept Stored 
in the same area without being changed for a long time is 
moved such that the write counts of all the plurality of 
Storage areas are equal to each other. For this reason, an 
apparent writing area is not narrowed, and the Service life of 
the memory device is not shortened. Therefore, although a 
maximum rewrite count of the same area is limited, the 
memory device can have the Service life equal to that of a 
magnetic disk, and the memory device can be used in a 
variety of applications. In addition, a storage area having 
written data which is not changed is selected by one circu 
lation cycle of write access, So that the apparent writing area 
can be more properly prevented from being narrowed. 

The third nonvolatile semiconductor memory device of 
the present invention is a nonvolatile Semiconductor 
memory device using NAND-type EEPROM and is char 
acterized by comprising a file, a management table for 
managing a recording position of the file, memory means for 
Storing the management table and pointers constituted to 
hierarchically represent the file recording positions in a 
plurality of levels, and control means for controlling to fix 
only a recording position of a route pointer as a route of the 
pointers in the plurality of levels while a recording position 
of the management table is not fixed in the memory means. 
According to the third nonvolatile Semiconductor 

memory device, a recording position in the memory means 
of the frequently rewritten management table is not fixed, 
and pointerS representing the position of the management 
table are hierarchically recorded in a plurality of levels. For 
this reason, a write count of the pointer which must be 
recorded at a fixed position to retrieve the pointer can be 
Suppressed to the same count as the rewrite count of any 
other area. Therefore, write access is not concentrated on a 
Specific Storage area, and the Service life of the memory 
device is not prevented from being Shortened. 

Additional objects and advantages of the present inven 
tion will be set forth in the description which follows, and 
in part will be obvious from the description, or may be 
learned by practice of the present invention. The objects and 
advantages of the present invention may be realized and 
obtained by means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the Specification, illustrate presently 
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4 
preferred embodiments of the present invention and, 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the present inven 
tion in which: 

FIG. 1 is a block diagram showing a nonvolatile Semi 
conductor memory device according to the first embodiment 
of the present invention; 

FIG. 2 is a view for explaining an operation of a table for 
managing an unused block in the first embodiment; 

FIGS. 3A to 3C are views for explaining operations of 
tables for managing unused blockS in the first embodiment; 

FIG. 4 is a view showing the arrangement of a reference 
table for address translation in the first embodiment; 

FIG. 5 is a flow chart for explaining read processing of 
data from an EEPROM module in the first embodiment; 

FIG. 6 is a flow chart for explaining read processing of 
data from the EEPROM module to a data buffer in the first 
embodiment; 

FIG. 7 is a flow chart for explaining read processing of 
data from a data buffer to a host system in the first embodi 
ment, 

FIGS. 8A and 8B are flow charts for explaining write 
processing of data to the EEPROM module in the is first 
embodiment; 

FIG. 9 is a flow chart for explaining transfer processing of 
write data from the host system to the data buffer; 

FIG. 10 is a flow chart for explaining write processing of 
data in the data buffer into the EEPROM module; 

FIG. 11 is a view showing the arrangement of Storage 
areas of the EEPROM in the second embodiment; 

FIG. 12 is a view showing a table arrangement for 
managing write access to a block in a nonvolatile Semicon 
ductor memory device according to the Second embodiment 
of the present invention; 

FIGS. 13A to 13B are flow charts showing a sequence of 
Writing data in a Storage area in the Second embodiment; 

FIG. 14 is a flow chart showing a Sequence of erasing data 
in the Second embodiment; 

FIG. 15 is a flow chart showing a sequence of rewriting 
data in the Second embodiment; 

FIG. 16 is a flow chart showing a subroutine used in the 
sequence of writing the data in FIG. 13B; 

FIGS. 17A to 17F and 18A to 18F are views for explaining 
changes in States of Storage areas and a table for managing 
the Storage areas, which changes are caused by writing data; 

FIG. 19 is a view showing a relationship between a 
pointer and a route management table in the third embodi 
ment of the present invention; 

FIG. 20 is a view showing the arrangement of the route 
management table in the third embodiment; 

FIGS. 21A and 21B are views showing blocks in which 
pointers are recorded in the third embodiment; 

FIG. 22 is a flow chart showing the Sequence of proceSS 
ing performed upon updating a route management table in 
the third embodiment; and 

FIG. 23 is a flow chart showing a Sequence for Setting a 
block position in a pointer in the third embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A nonvolatile Semiconductor memory device according to 
an embodiment of the present invention will be described 
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with reference to the accompanying drawings. The present 
invention is applied to a nonvolatile Semiconductor memory 
device using a NAND-type EEPROM. 

FIGS. 1 to 10 are views showing the first embodiment of 
the present invention. 

FIG. 1 is a block diagram showing the overall arrange 
ment of a nonvolatile Semiconductor memory device (to be 
referred to as a “memory device' hereinafter) according the 
first embodiment of the present invention. 

In FIG. 1, a NAND-type EEPROM module 1 used as a 
memory means is constituted by a memory cell array 
divided into blocks each consisting of a plurality of pages. 
The EEPROM module 1 is connected to a host system (not 
shown) through a host interface 2 connected to the module 
1 through a data bus. A multiplexer 9 and a data buffer 10 
are arranged on the data bus. A data register 3, an address 
register 4, a count register 5, a command register 6, a status 
register 7, and an error register 8 are arranged in the host 
interface 2. In addition, this memory device is constituted by 
a control logic circuit 11, an ECC (Error Correction Code) 
generator/checker 12, an address generator 13, a CPU 14 
functioning as erasing and control means, a work RAM 15, 
and a control program ROM 16. A Series of control programs 
for data writing or the like are Stored in the control program 
ROM 16. 
The memory device in the first embodiment uses a 

management table which allocates and manages the position 
of data recorded in the EEPROM module 1 serving as a 
nonvolatile memory area. Although this management table 
is recorded in the EEPROM module 1 together with other 
user data, the management table is automatically loaded in 
the work RAM 15 when the operation of the memory device 
is started. The management table has a content updated 
every time data is written in the EEPROM module 1, and the 
updated content of the management table is written in the 
EEPROM module 1 again every time the content is updated 
or at a timing when the use of the memory device is ended. 

The memory device has two management tables. One 
management table is a table for managing unused blockS 
having the arrangement shown in FIG. 2. The other man 
agement table is a reference table shown in FIG. 4 for 
addresses designated by the host System and physical 
addresses of the memory module. 
A management table for managing the unused blockS 

shown in FIG. 2 will be described below. As shown in FIG. 
2, the management table consists of a plurality of tables 110, 
120, and 130 to 130. 
The first table 110 of the management table is a table for 

managing unused data blockS in a chain form and represents 
the pointer of the start block of the chain. The second table 
120 of the management table is a pointer having the same 
purpose as that of the first table 110 and represents the end 
pointer of the chain. The third to (m+2)th tables correspond 
to the first to m-th physical blocks of the NAND-type 
EEPROM module 1. Each of the contents of these blocks, as 
illustrated in the third table 130, is constituted by a pointer 
130A for a next unused block and an erase flag 130B. The 
erase flag 130B set to be “0” represents an erased state, and 
the erase flag 130B set to be “1” represents a non-erased 
state. As in a pointer 130A in a (m+2)th table 130 of the 
management table, when a pointer having a content Set to be 
“-1” represents the end of the pointer chain. Therefore, in 
this case, the end pointer points the (m+2)th table 130 of 
the management table, and the content of the end pointer is 
set to be (m+2). 
An operation of recording data will be briefly described 

below using practical examples. In this case, it is assumed 
that the chain of unused blocks is the chain shown in FIG. 
3A. 
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When data is recorded, first, the content of the start 

pointer of a table 110 is referred. In FIG. 3A, since a 53th 
table 130 is pointed, the physical block address on the 
programmable NAND-type EEPROM module 1 is an 
address 51 obtained by decrementing the address 53 by an 
offset value of 2. When write access is performed to the 
block 51, the value of the table 110 is reset to a 33rd table 
130 serving as the destination pointer of the table 130,. The 
table 130 corresponding to the block 51 is removed from 
the chain. The result of the operation is shown in FIG. 3B. 
When the data of an existing block is unnecessary in 

accordance with the write acceSS during the write access, an 
operation of updating the table is performed as shown in 
FIG.3C. In this case, it is assumed that a block in which the 
unnecessary data is recorded is a block 45. 

The table 130, is not an end, but the block 45 is the end. 
For this reason the pointer of the table 130, is set to a table 
number 47 corresponding to the block 45. At the same time, 
the pointer of a table 120 is reset from a table 151 to the table 
47. The pointer of a table 130 newly added to the chain 
is set to be “-1' representing an end, and the erase flag 
thereof is Set to be “1” representing a non-erased State. 

Since the latest blockadded to the chain of unused blocks 
is not erased, when read/write acceSS is stopped, an erasure 
operation is performed while the chain is sequentially 
retraced, and the erase flag of the table corresponding to the 
block is set to be “O’. 
The reference table shown in FIG. 4 will be described 

below. A length n of the table is set to be smaller than the 
total number of blocks of the NAND-type EEPROM module 
1. For descriptive convenience, it is assumed that the 
NAND-type EEPROM module 1 is constituted by one 
4-Mbit EEPROM. In this case, since the capacity of one 
block has 4 kbytes, the total number of blocks is 128, the 
number n of items of the reference table is equal to or 
Smaller than 128. 

In this memory device, a data amount corresponding to 
the capacity of one block of the NAND-type EEPROM 
module 1 is used as a unit, and physical positions in the 
NAND-type EEPROM module 1 are allocated. That is, one 
item of the table represents a physical position where 
4-kbyte data is actually recorded. In the table in FIG. 4, a 
third item 203 of the table represents that 4 kbytes from the 
8-kbyte-th address (to be referred to as “logical address” 
hereinafter) designated by the host System is actually allo 
cated to the 101st block of the NAND-type EEPROM 
module 1. An item Such as a first item 201 or a second item 
202 in which “-1” is written represents that allocation of a 
physical area is not performed yet because write access is 
not performed to a logical address corresponding to the 
position of the item. 
An operation of the memory device arranged as described 

above according to the first embodiment will be described 
below. 

The host System (not shown) sets a start access address in 
the address register 4 in the host interface 2 of FIG. 1, sets 
the Sector length of data to be accessed in the count register 
5, and finally Sets an instruction Such as read/write instruc 
tion in the command register 6. When an acceSS instruction 
is written in the command register 6 of the host interface 2, 
the CPU 14 in the controller loads the instruction in the 
command register 6 and performs a Series of control pro 
grams for performing a command Stored in the control 
program ROM 16. 

In the following description, it is assumed that the Sector 
length designated by the host System is equal to the page 
length of the EEPROM module 1. 
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FIG. 5 is a flow chart showing a Sequence of reading out 
data from the EEPROM module 1. 
The CPU 14 determines a physical address of the 

EEPROM module 1 in which read access must be performed 
with reference to the start address set in the host interface 2 
and an address translation table in the management table 
(step A1). The CPU 14 reads out data from the EEPROM 
module 1 into the data buffer 10 (step A2). Error processing 
(to be described later), data transfer from the data buffer 10 
to the host System, and the like are performed (steps A3 to 
A5). 

FIG. 6 is a flow chart showing a Sequence of reading out 
data from the EEPROM module to the data buffer. 
The CPU 14 accesses the EEPROM module 1 through the 

multiplexer 9, sets the EEPROM module 1 in a read mode, 
and sets the data buffer 10 in a read mode (steps B1 and B2). 
The physical address of the EEPROM module 1 subjected to 
readout is set in the address generator 13 (Step B3). An area 
in which the readout data is to be Stored is determined, and 
a start address of the area is Set as a write address for the data 
buffer 10 in the data buffer 10 (step B4). Thereafter, the CPU 
14 Sends a command to the control logic circuit 11 Such that 
the control logic circuit 11 performs a predetermined 
Sequence for data read access. 

The control logic circuit 11 sets the multiplexer 9 such 
that the readout data from the EEPROM module 1 is 
supplied to the data buffer 10, and the control logic circuit 
11 reads data of one Sector and increments the content of the 
address generator 13 (step B5). The control logic circuit 11 
controls the ECC generator/checker 12 Such that an error is 
detected by using the data and an ECC code read out during 
read access of the data. When the data of one Sector is read 
out, the CPU 14 checks the ECC generator/checker 12 to 
check the error of the data (step B6). When no error is 
detected, or a correctable error is detected, the data is 
transferred from the data buffer 10 to the host system. If the 
incorrectable error is detected, the data is not transferred to 
the host system. In addition, the CPU 14 sets a code 
representing that an error has occurred in the Status register 
7 in the host interface 2 and Sets a code representing the 
content of the error in the error register 8, and the CPU 14 
informs the host System that the execution of the command 
is abnormally ended, thereby ending the processing (steps 
B7 to B10). 

FIG. 7 is a flow chart showing a Sequence of transferring 
data from the data buffer to the host system. 

In the CPU 14, the start address of an area in which 
readout data is stored is set in the data buffer 10 as a read 
address from the data buffer 10 (steps C1 and C2). The CPU 
14 commands the control logic circuit 11 to transfer data of 
one Sector to the host System. The control logic circuit 11 
controls the data buffer 10 and the host interface 2 to transfer 
the data of one sector to the host system (step C3). This 
operation is ended, the address register 4 is incremented by 
one Sector, the value of the count register 5 is decremented 
by one, and the control logic circuit 11 informs the CPU 14 
of the end of transfer. Until all data to be transferred are 
transferred to the host system, the CPU 14 repeats the above 
control. When all the readout data are transferred, the CPU 
14 Sets a code representing no error in the Status register 7 
in the host interface 2, and the CPU 14 informs the host 
system of the end of the execution of the instruction, thereby 
ending the processing. 

FIGS. 8A and 8B are flow charts showing a sequence of 
writing data in the EEPROM module 1. 

With reference to the start address set in the host interface 
2 and the address translation table in the management table, 
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8 
the CPU 14 finds a block, in the EEPROM module 1, which 
is allocated to an address Subjected to write access by the 
host system (step D1). When the block in the EEPROM 
module 1 which corresponds to the address designated by 
the host System is allocated in advance, and a request from 
the host system does not rewrite all the data of the block, 
non-rewritable data in the block is loaded in the data buffer 
10 (steps D2 to D4). 
The sequence of reading out data from the EEPROM 

module 1 to the data buffer 10 has already been described 
using the flow chart in FIG. 6. Until all data of a non 
overwritten area in the block are loaded in the data buffer 10, 
the processing in FIG. 6 is repeated. Transfer of write data 
from the host system to the data buffer 10 (to be described 
later) and write and error processing of data from the data 
buffer 10 to the EEPROM module 1 are performed (steps D5 
to D11). 

FIG. 9 shows a sequence for transferring write data from 
the host system to the data buffer. 
The CPU 14 sets the data buffer 10 in a write mode (step 

E1), and sets, as a write address to the data buffer 10, an 
address in the data buffer 10 in which the data transferred 
from the host system is stored (step E2). Thereafter, the CPU 
14 commands the control logic circuit 11 to transfer data of 
one Sector from the host System. The control logic circuit 11 
controls the data buffer 10 and the host interface 2 to receive 
the data of one sector from the host system. When this 
control is ended, the control logic circuit 11 informs the CPU 
14 of the end of data transfer (step E3). 
The processing is continuously performed when data to be 

transferred from the host system is left and when data for a 
block subjected to write access of the EEPROM module 1 is 
short in the data buffer 10. When the transfer from the host 
system is ended, the CPU 14 refers the start address set in 
the host interface 2 and the table for unused blocks and 
retraces the chain of the unused blocks as described above 
to determine an unused block, in the EEPROM module 1, in 
which the data of one block stored in the data buffer is to be 
written, thereby performing write access to the EEPROM 
module 1. 

FIG. 10 is a flow chart showing a sequence in which data 
of one page in the data buffer is written in the EEPROM 
module. 

After the CPU 14 initializes the EEPROM module 1 and 
the data buffer 10 as needed (steps F1 and F2), and sets the 
Start address of a page Subjected to write access in the 
address generator 13 (step F3). The start address of data to 
be written is set in the data buffer 10 as the read address of 
the data buffer 10 (step F4). The CPU 14 commands the 
control logic circuit 11 to perform a predetermined Sequence 
for writing data. The control logic circuit 11 Sets the mul 
tiplexer 9 such that the write data from the data buffer 10 is 
supplied to the EEPROM module 1, and writes the data in 
the EEPROM module 1 while the content of the address 
generator 13 is incremented (step F5). 
The CPU 14 controls the ECC generator/checker 12 Such 

that an ECC code is generated by the data, and the code is 
recorded in the EEPROM module together with the data 
(step F6). The processing up to step F6 is continued until a 
write access error is generated or the write access of data of 
one block is ended (step F7). When the write access of the 
data cannot be normally performed, error processing is 
performed, the block, in the EEPROM module 1, in which 
the data of one block are to be written is allocated again, and 
the write access is performed again. When the write acceSS 
is normally ended, the content of the management table is 
updated. 
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When all data required by the host system are recorded, 
or the processing is interrupted due to impossible error 
recovery, the CPU 14 sets a predetermined code in the status 
register 7 in the host interface 2, and informs the host System 
of the end of execution of the instruction. At a proper timing 
when no access instruction is written in the command 
register 6 of the host interface 2, the CPU 14 sequentially 
erases the unused blocks while the chain of the management 
table of the unused blocks is retraced. 

In the first embodiment, the EEPROM module is con 
trolled through the host interface by a controller operative 
parallelly to the host system. However, the EEPROM mod 
ule 1 may be directly controlled by the CPU of the host 
System. 

FIGS. 11, 12, 13 A-13B, 14, 15, 16, 17A-17F, and 
18A-18F are views showing the second embodiment of the 
present invention. 

FIG. 11 shows the arrangement of Storage areas in an 
EEPROM serving as a memory means. In FIG. 11, although 
the number of storage areas 331 to 336 divided in capacities 
Serving as management units is the same as that of erasure 
units or is an integer multiple of the number of erasure units 
to easily handle the storage areas 331 to 336, the number of 
Storage areas is not limited to this number. In the Second 
embodiment, although the unit Storage area is referred to as 
only a block hereinafter, the unit Storage area may be 
regarded as a block Serving as an erasure unit of a NAND 
type EEPROM. The unit storage area is not limited to the 
erasure unit. Numbers given to blocks are used for ordering 
the blocks, although the numbers are conveniently given in 
a physical address order, the numbers may be given in a 
logical order in accordance with a specific rule. For descrip 
tive convenience, it is assumed herein that a memory means 
used in this description is constituted by 6 blockS. 

FIG. 12 is a table for managing write access to the blockS 
331 to 336. Each of items 311 to 316 representing the states 
of the block 331 to 336 is constituted by, as shown in FIG. 
12, three flags 321 to 323. That is, the flag (to be referred to 
as an "erase flag” or “E flag” hereinafter) 321 serving as a 
first managing means for performing management Such that 
write access of data to the blockS is circulated in one 
direction in accordance with an order of blocks with refer 
ence to the first managing means and a valid flag; the flag (to 
be referred to as a “change flag” or “C flag” hereinafter)322 
Serving as a Second managing means for managing whether 
data recorded in a block is changed or not after a certain time 
in the presence of data in the block; and the flag (to be 
referred to as a “valid flag” or “V flag') 323 serving as a 
third management means for managing whether significant 
data is recorded in a block. 

A write Scheme according to the Second embodiment will 
be described below with reference to FIGS. 13A to 18F. In 
order to read out written data, a means for managing 
correspondence between the tag (e.g., a file name) of the 
written data and a position in which the data is written is 
required. However, Since a method performed in a normal 
file System (OS) can be applied as the write Scheme, a 
description of the write scheme will be omitted in this 
embodiment. 

FIGS. 13A and 13B are a flow chart showing a data write 
Sequence, FIG. 14 is a flow chart showing a data erase 
Sequence, and FIG. 15 is a flow chart showing a data rewrite 
sequence. FIGS. 17A to 17F and FIGS. 18A to 18F are views 
for Simultaneously explaining changes in States of the Stor 
age areas shown in FIG. 11 and the table (FIG. 12) for 
managing the Storage areas. The changes are caused by 
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writing data. The blocks indicated by hatched lines and 
indicating the storage areas in FIGS. 17A to 17F and FIGS. 
18A to 18F represent areas in which valid data are written. 

Before a memory device is used, as shown in FIG. 17A, 
it is assumed that all the flags are initialized to be “0”. A case 
wherein write access to a block is performed in this State will 
be described below. 

In step G1 in FIG. 13A, it is checked whether a necessary 
capacity is available. In the Scheme according to the Second 
embodiment, since write access is performed to only “0” 
blocks by both a V flag for managing whether significant 
data is recorded and an E flag for managing circulation in 
one direction, a block matched with this condition is 
retrieved (steps G2 and G3 in FIG. 13A and steps H1 to H4 
in FIG. 16). After it is confirmed that the block is matched 
with the condition, data is written in the first block (steps G4 
to G6 in FIG. 13A), and a C flag and the V flag are set to be 
“1” (step G7 in FIG. 13A, FIG. 17B). When the currently 
written data is immediately rewritten, the V flag of the first 
flock is changed to “0”, and the E flag is changed to “1” in 
accordance with the sequence in FIG. 14. The data is written 
in the Second block retrieved in the same Sequence as that of 
the first write access (FIG. 17C). 

Although the first block is Set in a logically erased State 
with the above operation, an electric erasure operation of the 
first block must be additionally performed. The electric 
erasure operation is preferably performed on the background 
in consideration of a processing Speed. However, this 
method essentially departs from this embodiment, and a 
description thereof will be is omitted. In the following 
description, it is assumed that electric erasure operations are 
performed to these blocks by a certain method before data 
are written in the blocks. 

When the above write processing is continued, a State, 
e.g., the state shown in FIG. 17D, wherein data is uniformly 
written in the entire memory in an order of the block 
numbers is obtained. In this case, for example, when data of 
one block is to be written, retrieving in step G3 of FIG. 13A 
has failed although there is an empty area. A State wherein 
the retrieving has failed indicates that a uniform write cycle 
for the empty areas of the blocks is ended. Therefore, the E 
flags of all the blocks are cleared to be “0” to control the next 
write cycle in one direction (step G9 in step 13A, FIG. 17E). 

In addition to the uniform write access in one direction, 
the characteristic feature of the Second embodiment is that 
data kept Stored in the same position for a long time is 
moved. In order to achieve the characteristic feature, proper 
movement timings related to a write count are required. AS 
one of the timings, a timing when all the E flags are cleared 
is used. In FIG. 13A, when the C flags are examined by the 
processing in StepS G10 to G13 at this timing, data to be 
moved is selected. In FIG. 17E, all the C flags are set to be 
“1”. This state indicates that all the blocks are rewritten at 
least once from the time when the C flags are initialized to 
the time when the C flags are set in the state of FIG. 17E. In 
this case, Since data which occupies the same block for a 
time longer than that of any other data is not determined, 
initialization is performed again in step G14 (FIG. 17F). 
Thereafter, data is written in the a for Starting the Series of 
processing operations (steps G24 to G28 in FIG. 13B; G6; 
FIG. 18A). 
ASSume that the data of the fifth block is erased to obtain 

the state in FIG. 18B, and that write access to the third block 
and an erasure operation of the first block are performed to 
obtain the state in FIG. 18C. In this state, a case wherein 
write access to the first block is performed as the final write 
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pattern at this timing will be considered as follows. Since 
one rewrite cycle is ended, retrieving of a Writable area has 
failed, all the E flags are cleared (FIG. 18D). Although the 
C flags are examined, Since the C flag of the Second block 
is set to be “0”, the data of this block is determined as data 
which is not rewritten for a relatively long time, and the data 
is to be moved. In accordance with the Sequence in Steps 
G15 to G20 in FIG. 13A, a destination write block for the 
data is circulated and retrieved in a direction of performing 
write access using a Start point as the block in which the data 
to be moved is stored. In this example, the fourth block 
corresponds to the destination block. After the data of the 
second block is copied to the fourth block, the data of the 
second block is erased (steps G21 to G23 in FIG. 13B; FIG. 
18E). In this manner, the data which has occupied the second 
block from the timing of FIG. 17C is moved, and the second 
block is Set in a rewritable State. 
AS a Sequential operation, data of one block required at 

the timing of FIG. 18C is written in an empty block. 
However, when a writable block is retrieved by the same 
method as that of normal write access, the retrieving may 
fail a case wherein there is only one empty block at the 
timing of FIG. 18C. At this time, data to be moved is set in 
the empty block, and the E flag of a block in which the data 
to be moved is originally set is set to be “1”. For this reason, 
the block is not retrieved. Therefore, as described in step 
G27 of FIG. 13B, all the E flags must be cleared. When the 
E flag of the block in which the data to be moved is 
originally set is controlled to be kept at “0”, the block can 
be retrieved. Although there is another empty block, the 
block immediately after the data is moved is retrieved as a 
rewritable block, and an electric erasure operation of the 
background may not be performed on time. 

The third embodiment of the present invention is shown 
in FIGS. 19 to 23. 

In the third embodiment, it is assumed that a 4-Mbit 
NAND-type EEPROM is used as a nonvolatile semiconduc 
tor memory. In order to briefly describe the main point of the 
third embodiment, a logical management unit of a Storage 
area corresponding to an MS-DOS cluster coincides with a 
block serving as an erasure unit of the NAND-type 
EEPROM. In this embodiment, a user file, a table for 
managing a recording position of the file, and a pointer, of 
hierarchical pointers to the table, which does not have a 
fixed position are not required to be recorded in a specific 
area of the Storage area, So that the file, the table, and the 
pointer must be controlled Such that write acceSS is distrib 
uted in the entire Storage area as widely as possible. 
However, this embodiment aims at describing a method in 
which a table for managing the position of a file need not be 
fixed in the Specific area of the Storage area. Therefore, 
although it is assumed that distribution write control is 
performed, a description thereof will be omitted. 

FIG. 20 shows a block constituting one table for manag 
ing a position at which a file is recorded. In FIG. 20, the table 
is assumed to be called a route management table. In FIG. 
20, in a table 340, having the same arrangement of an FAT 
of MS-DOS, for managing a block allocation state of the 
entire Storage area, according to this embodiment, not only 
a block in which a user file is recorded but a block in which 
management data Such as file management table itself and 
the pointer of the file management table are recorded are 
moved. For this reason, the allocation of these blocks is 
managed. The pointer 345 in FIG. 20 is assumed to be a 
pointer representing the position of an additional block used 
when block allocation data cannot be stored in this block, 
and the positions of a file name corresponding to a directory 
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of MS-DOS, a management table related to data added to the 
file name, or the like. That is, when the management table 
shown in FIG. 20 can be accessed, all the data related to file 
management can be accessed. 

FIGS. 21A and 21B show blocks in which pointers are 
arranged Such that positions of the recorded data are hier 
archically represented to indicate the positions at which the 
route management table is recorded. 

Pages 351 to 358 in FIG. 21A represent the pages of a 
NAND-type EEPROM, the page 358 represents a page on a 
Source Side, and the page 351 represents a page on a drain 
Side. Each of the pointerS has a data amount within one page, 
and write access is Sequentially performed from the pointer 
on the Source Side in accordance with a write rule of the 
NAND-type EEPROM. Each of the pages 356 to 358 
indicated by hatched lines and shown in FIG. 21A represents 
that an updated pointer is written, and “NULL in each of 
the pages 351 to 354 represents that data is set in an erased 
state. In the block in which the first pointer in FIG. 21A is 
stored, the data in the page 355 represents the position of the 
route management table. 
The block in which the m-th pointer in FIG.21B is stored 

represents the position of the (m-1)th pointer with the same 
arrangement as that of FIG. 21 A. When the number of 
pointers (the number of hierarchical levels) is set to be n, the 
first to (n-1)th pointers may be recorded on any position of 
a recordable area, and these pointers are accessed by Sequen 
tially retracing the pointers of a plurality of levels. Only the 
n-th pointer (to be referred to a route pointer) is recorded at 
a fixed position of the storage area. FIG. 19 shows relation 
ships between the pointers fixed in the plurality of levels. 

FIG. 22 is a flow chart showing the Sequence of proceSS 
ing performed in accordance with a change in route man 
agement table required in a file management Scheme accord 
ing to the third embodiment. The content of the route 
management table is loaded on a RAM in advance to be 
developed. After the route management table is updated in 
the RAM, the route management table is written again. 

First when block allocation is changed due to write access 
of a file or the like, the position of a block for writing the 
changed route management table again is determined with 
reference to the block allocation table (step J1). This posi 
tion is Set in a pointer, and write acceSS is performed after the 
allocation table is updated (steps J2 to J5). Steps K1 to K10 
in the flow chart of FIG. 23 represent a sequence of setting 
block positions in hierarchically arranged pointers. This 
Sequence is recursively called to change the Setting of the 
hierarchically arranged pointers. 
A method of determining the number n of hierarchical 

levels of the pointers will be actually described below. The 
content of route management table is updated every time 
block allocation is changed by writing a file. The updated 
table itself is written in another block to prevent write access 
from being concentrated on a specific block. Since the 
position of the route management table is changed, the 
recording position of the first pointer is updated. Since the 
pointer can be updated 8 times (for 8 pages) in the same 
block, one write cycle is performed by changing the blockS 
8 times caused by writing the file in a block in which the first 
pointer is Stored, and the position of the table is changed by 
the 9th updating operation of the block. In a block in which 
the Second pointer is Stored, as in the block in which the first 
pointer is Stored, it can be estimated that one rewrite 
operation is performed by writing files 64 times. If the total 
capacity of a nonvolatile memory device has 20 Mbytes, 
Since the capacity per one block has 4 kbytes, the total 
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number of is blocks is 5,120. It is assumed that a maximum 
rewrite count of an EEPROM is set to be C, when write 
access is uniformly performed to these blocks, rewriting of 
5120xC blocks can be performed. When one block of a 
management table is rewritten for one rewriting operation of 
a file of one block, since the two blocks are rewritten at the 
Same time, the maximum block allocation count is given as 
follows: 

One rewriting operation of a fixed block in which the n-th 
pointer is recorded is performed each time a change in block 
allocation is performed 8" times. Since this fixed block can 
be rewritten C times at most, when the change in block 
allocation is performed 
8"xC=2"xC 

times at most, the maximum rewrite count of the fixed block 
does not reach its limit before other blocks reaches their 
limits. Therefore, the number n of necessary hierarchical 
levels is given by: 

n=log2560/3 

AS described above, according to the third embodiment, a 
recording position is not fixed in the memory means of a 
frequently rewritten management table, and pointerS repre 
Senting the position of the management table are hierarchi 
cally arranged in a plurality of levels to be recorded. For this 
reason, the maximum rewrite count of the pointers which are 
recorded at fixed positions to retrieve the pointerS is not 
limited to the maximum rewrite count of other areas, and 
write access is not concentrated on a Specific area, thereby 
preventing the Service life of the memory from being ended 
for a short time. 

Various changes and modifications may be effected with 
out departing from the Spirit and Scope of the invention. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the present 
invention in its broader aspects is not limited to the Specific 
details, representative devices, and illustrated examples 
shown and described herein. Accordingly, various modifi 
cations may be made without departing from the Spirit or 
Scope of the general inventive concept as defined by the 
appended claims and their equivalents. 
What is claimed is: 
1. A memory System including a nonvolatile Semiconduc 

tor memory device, comprising: 
memory means having an array of memory cells divided 

into a plurality of memory blocks, each of Said memory 
cell blocks being individually erasable; 

managing means for managing unused blocks of Said 
plurality of blocks by chaining Said unused blocks to 
form a chain consisting of Said unused blocks, wherein 
if a used block is individually erased, Said used block 
is chained into Said chain as an unused block, and 

control means for Sequentially writing data to Said unused 
blocks on the basis of an order in which said unused 
blocks are arranged in Said chain. 
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2. A System according to claim 1, wherein Said erased 

blocks are chained at the of Said chain. 
3. A device according to claim 1, wherein Said managing 

means includes a first table for Storing a pointer of a start 
unused block of Said chain, a Second table for Storing a 
pointer of an end unused block of Said chain, and a plurality 
of third tables each having a pointer of a next unused block 
and an erase flag representing whether said next block is 
erased. 

4. A device according to claim 3, wherein one end pointer 
of Said third table corresponding to an unused block pointed 
by the pointer of said end unused block of said second table 
is set to be “-1'. 

5. A device according to claim 1, wherein Said erasing 
means includes means for informing Said management 
means that data of an unused block is erased when the data 
of Said unused block is erased. 

6. A device according to claim 1, wherein Said control 
means includes means for Sequentially writing data on the 
basis of an order of Said unused blockS chained to Said chain 
of Said managing means. 

7. A memory System including a nonvolatile Semiconduc 
tor memory device, comprising: 
memory means having an array of memory cells divided 

into a plurality of memory blocks, each of Said memory 
cell blocks being individually erasable; 

managing means for managing unused blocks of Said 
plurality of blocks by chaining Said unused blocks to 
form a chain consisting of Said unused blocks, wherein 
if a used block is individually erased, Said used block 
is chained into Said chain as an unused block, and 

control means for Sequentially writing data to Said unused 
blocks on the basis of an order in which said unused 
blocks are arranged in said chain, wherein 

if data is written into one of Said unused blocks, Said one 
of Said unused blockS is removed from Said chain. 

8. A System according to claim 7, wherein Said erased 
blocks are chained at last of Said chain. 

9. A device according to claim 7, wherein Said managing 
means includes a first table for Storing a pointer of a start 
unused block of Said chain, a Second table for Storing a 
pointer of an end unused block of Said chain, and a plurality 
of third tables each having a pointer of a next unused block 
and an erase flag representing whether said next block is 
erased. 

10. A device according to claim 9, wherein one end 
pointer of Said third table corresponding to an unused block 
pointed by the pointer of Said end unused block of Said 
Second table is set to be “-1'. 

11. A device according to claim 7, wherein Said erasing 
means includes means for informing Said management 
means that data of an unused block is erased when the data 
of Said unused block is erased. 

12. A device according to claim 7, wherein Said control 
means includes means for Sequentially writing data on the 
basis of an order of Said unused blockS chained to Said chain 
of Said managing means. 


